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 In this study, I used carbon and nitrogen stable isotope analyses to elucidate food web 
structure of eutrophic shallow lake, Izunuma, and transports of methane-derived carbon to whole-
lake food web via benthic invertebrates.  
 
1. I measured carbon and nitrogen stable isotope ratios of 3 sympatric species of larval 
chironomids (Chapter 2). Markedly lower δ13C values were reported in Chironomus plumosus (–
51.2‰) and Tanypus sp. (–43.5‰) than those of photoautotrophic carbon sources (particulate 
organic matter [POM] and sediment). There were positive correlations between δ13C and δ15N in 
the 2 chironomid species. These results indicated that they assimilated carbon derived from 
biogenic methane by exploiting methane-oxidizing bacteria (MOB). In contrast, Propsilocerus 
akamusi exhibited similar δ13C values to those of POM or sediment, indicating that they 
assimilated carbon derived from photoautotrophs. A δ13C-based isotope mixing model was used 
to estimate the dietary contributions of MOB to each chironomid species. The mean 
contributions ranged from 11 to 15% in C. plumosus, 13 to 19% in Tanypus sp., but only up to 
5% in P. akamusi. In an aquarium, I observed that C. plumosus and Tanypus sp., which exhibited 
low δ13C values, built U-shaped tubes in the sediment with an oxidized layer developed around 
their tubes, whereas P. akamusi did not exhibit this behavior. These results suggest that tube 
building may provide larval chironomids with greater access to methane-derived carbon through 
increased opportunities to feed on MOB. 
 
2. I investigated the seasonal patterns of δ13C of C. plumosus and methane concentrations in 
the sediment in Lake Izunuma (Chapter 3). Larval δ13C was depleted in late summer and autumn. 
Methane concentrations above a 6 cm depth peaked in late summer or autumn, while those in the 
10–11 cm and 20–21 cm layers peaked in October. Negative correlations between methane 
concentrations in the 5–6 cm/10–11 cm layers and larval δ13C were found. This suggests that an 
increase in the supply of methane stimulated the activity of MOB, thus increasing the dietary 
contribution of MOB for larval chironomids. 
 
3. Freshwater mussels have often been used as indicators of a trophic baseline (i.e., primary 
consumers) in the food web. To assess the utility of a large filter-feeding mussel, Cristaria 
plicata, as an isotopic indicator, I compared δ13C and δ15N of the mussel with those of its 
potential food sources, POM and sediment organic matter [SOM] (Chapter 4). The δ13C values 
of large mussels (shell length > 140 mm, –31.0‰ to –29.2‰) were similar to those of POM (–
30.2‰) indicating that mussel carbon was derived from POM (mainly phytoplankton). In 
contrast, the mussels exhibited 6.3‰ to 9.0‰ higher δ15N values than did POM. The trophic 
level estimate of the mussel ranged from 2.9 to 3.6, indicating that they functioned as secondary 
rather than primary consumers. These results also revealed positive correlations between shell 
lengths and δ15N values, suggesting that the mussels changed their trophic position from primary 
consumer (shell length < 140 mm) to secondary consumer (shell length >140 mm) with growth. 
 
4. I measured δ13C and δ15N of zooplanktivorous Hypomesus nipponensis, and five dominant 
species of small-sized omnivorous fishes. Stable isotope analyses confirmed that 
zooplanktivorous H. nipponensis fed on zooplankton. For the omnivorous fishes, I estimated 
dietary contributions of 3 potential food sources, zooplankton, benthic chironomids and 
epiphytic algae to their biomass using isotope mixing model. The results showed 4 omnivorous 
fishes, G. elongates elongates, P. parva, B. zezera, and T. obscures relied largely on epiphytic 
algae (30-56%), zooplankton (24-68%), and rarely on benthic invertebrates (0-20%), though A. 
rhombeus depended mostly on epiphytic algae (82%). Furthermore, there was negative 
relationship between δ13C and δ15N in small size fishes, including five omnivorous fishes and 
one zooplanktivorous H. nipponensis, indicating that the small fishes exploited on two isotopic 
distinct food sources; lower δ13C and higher δ15N sources (i.e. zooplankton) and higher δ13C and 
lower δ15N sources (i.e. epiphytic algae). Thus in Lake Izunuma, the omnivorous fishes 
incorporated littoral and pelagic production into the food web, whereas they were rarely 
supported by benthic production. 
 
5. In General discussion, I discussed the food web structure of Lake Izunuma as a small 































安定同位体比を測定したところ、殻長と δ13C 値、δ15N 値の間にそれぞれ有意な正の相関
が見られた。この結果は、オオユスリカ幼虫と異なり、カラスガイでは成長に伴って一次
消費者から動物プランクトン等を摂食する二次消費者へと変化することを示唆している。
これら成果をもとに、伊豆沼に優占する小型魚種の餌資源推定を行った。その結果、伊豆
沼では小型の魚種は動物プランクトンや付着藻類を主要な餌資源としており、オオユスリ
カ幼虫を始めとする底生動物は餌としてほとんど摂食されていないことが解った。その理
由については、オオユスリカ幼虫等は湖底泥に潜るなど被食防衛をしている、あるいは生
息密度が低いなどの可能性が考えられるが、この点についてはさらなる検討が必要である。
以上の結果から、伊豆沼においては、メタン起源の炭素は、U 字型の巣穴を形成するユス
リカ幼虫には輸送されるが、高次捕食者である魚類まではあまり転送されていないことが
明らかになった。 
 これら一連の研究は、浅い湖沼の食物網におけるメタン起源炭素の役割について再検討
を促すものであるとともに、これまで知見の乏しかった浅い湖沼の食物網動態を具体的に
示したものとして評価出来る。特に、ユスリカ幼虫のメタン起源炭素の利用がその営巣形
態によって異なることや季節的に大きく変動することを示した点は、湖沼食物網における
メタン起源炭素の役割についての一般則を導くものとして新規性が高い。これら成果は、
自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。した
がって，安野翔氏提出の論文は博士（生命科学）の博士論文として合格と認める。 
